TMSCl works as an acid catalyst precursor for selective esterification of L-aspartic and L-glutamic acids in the presence of primary, secondary and tertiary alcohols. Although excess TMSCl was required for the completion of esterification, the resulting alkyl TMS ether could be azeotropically removed by simple evaporation with alcohol.
For the chemical synthesis of peptides or glycopeptides, many useful and convenient methodologies such as solid-phase synthesis [1] or microwave assisted synthesis have been developed [2] ; however, there are still many challenges relating to the selective protection and deprotection of several functional groups [3] . Regarding acidic amino acids (aspartic acid and glutamic acid), selective protection of the carboxy groups is necessary for most organic reactions. Belshaw et al. previously reported that chlorotrimethylsilane (TMSCl) mediated formation of omega-allyl esters of aspartic and glutamic acids in the presence of allyl alcohol as a solvent [4a] TMSCl [4d] . It is desirable, however, to obtain desired omega-monoesters selectively using various alcohols without heating at high temperature or purification by silica-gel column chromatography. In this study, we systematically explored 19 reaction conditions for the selective synthesis and purification of monoester and diester derivatives of Laspartic and L-glutamic acids in the presence of TMSCl as an acid catalyst precursor. Esterification proceeded at room temperature using TMSCl and alcohol as solvent, however, reactions proceeded more rapidly at 50 o C. To a suspension of L-aspartic acid in various alcohols (methanol, ethanol, propanol etc.) was added TMSCl, followed by stirring at 50 o C. After 5 h, aspartic acid was consumed as indicated by TLC (thin-layer chromatography). In the early stage of the reaction, only the -monoester was observed. Furthermore, more than 10 equiv. of TMSCl was required for sufficient esterification of both aspartic acid carboxy groups. After completion, the mixture was concentrated under reduced pressure. In order to simplify the purification of esters, the amino group was protected using tertbutoxycarbonyl (Boc). Di-tert-butyl dicarbonate was added to a mixture of the residue in 1,4-dioxane-saturated aqueous NaHCO 3 solution (v/v 2:1) at 0 o C. The reaction mixture was stirred for 1 h and then at room temperature for 12 h. Monoesters and diesters were obtained with high selectivity after being converted to N-Bocderivatives with subsequent extraction by CHCl 3 and aqueous HCl (Table 1) [5] .
The mono and diesters could be easily separated by pH-controlled extraction. Fortunately, pure products were obtained as indicated by 1 H-NMR and TLC, without the need for purification by silica-gel column chromatography. Both the monoesters and diesters were obtained in high yields when benzyl alcohol was used as a solvent (Table 1 , entry 8, 9). When isopropyl alcohol was used as solvent, esterification proceeded when using less than 3 equiv. of TMSCl; however, selectivity for either the monoester or diester was low ( addition of more TMSCl as acid and/or solvent did not seem to improve esterification yields. We suspect that tert-butyl ester was unstable under our conditions, and the tertiary carbocation, which was generated from t-BuOH by TMSCl, possibly reacted with tBuOH to give di-tert-butyl ether via S N 1 reaction (Table 1 , entry 17-19).
Our method was then applied to various alcohols in order to prepare building blocks for peptide synthesis. This included successful application of allyl esters as carboxy protecting groups (Table 1 , entry 10, 11). The propargyloxycarbonyl group is stable when exposed to neat TFA (trifluoroacetic acid) but is readily cleaved by treatment with Co 2 (CO) 8 and TFA in CH 2 Cl 2 via formation of an alkyne-Cobalt complex [6a] . The propargyl ester similarly serves as a good protecting group for carboxy functions [4c, 6] . By using of propargyl alcohol as solvent, propargyl ester was also obtained in high yield (Table 1 , entry 12, 13).
Glutamate esters were also obtained with high yield after being converted to N-Boc derivatives, however, unlike esterification of aspartic acid, both the gamma-monoesters and alpha-monoesters were formed. Therefore it was necessary to separate the glutamate esters using silica-gel column chromatography (Table 2) . Alphamonoesters were probably formed instead of gamma-monoesters due to the higher reactivity of the alpha-carbonyl group after formation of a six-membered cyclic anhydride intermediate under heat and acidic conditions. TMSCl works as an acid catalyst precursor for selective esterification of acidic amino acids with primary alcohols. Although excess TMSCl was required for the completion of esterification, byproduct alkyl TMS ether could be removed by simple evaporation with alcohol. Our selective method can be applied to the esterification of various amino acids with primary, secondary and tertiary alcohols.
Experimental
General procedure for selective esterification: the case of methyl N-Boc-L-aspartate (2a) and dimethyl N-Boc-L-aspartate (3a); To a mixture of L-aspartic acid (0.13 g, 1.0 mmol) in CH 3 OH (5 mL, 123 mmol) was added TMSCl (0.63 mL, 5.0 mmol). The resulting mixture was heated and stirred at 50 o C for 5 h, and then concentrated under reduced pressure. To a mixture of the residue in 1,4-dioxane (10 mL) and saturated aqueous NaHCO 3 solution (5 mL) was added di-tert-butyl dicarbonate (0.26 g, 1.2 mmol) at 0 o C. The reaction mixture was stirred at 0 o C for 1 h and then stirred at room temperature for 12 h. The 1,4-dioxane was removed on a rotary evaporator and the residue was poured onto ice-water (50 mL) and the cold solution was washed with CHCl 3 (50 mL x 3) to separate nonacidic compounds. The combined CHCl 3 extracts, were washed with water and dried, and the solvent was removed on a rotary evaporator to afford the N-Boc-dimethyl ester as a colorless liquid (3a, 0.20 g, 0.75 mmol, 75%). The aqueous solution was acidified (pH 2.5) with a solution of 1 M HCl aq., and extracted with CHCl 3 (50 mL x 3). The combined CHCl 3 extracts were washed with water and dried. The solvent was removed on a rotary evaporator to give the N-Boc-monomethyl ester as a colorless liquid (2a, 0.06 g, 0.24 mmol, 24%) .
Methyl N-Boc-L-aspartate (2a) 
